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 Abstract 
 
The objective of this work was to study the effect of different 
temperatures (35°C, 37°C and 39°C) and pH (5.5, 6.5, 7.2 and 8) on the 
growth of camelpox virus in Vero cells using titer values (Tissue Culture 
Infective Dose 50) as indicator. Also to study the type of viral cytopathic 
effect formed when using Vero cells stayed for different hours (18 and 96 
hrs) after being subcultured and incubated at 35°C, 37°C and 39°C. 
Furthermore, the study aimed at using immunoperoxidase test to replace 
the lengthy procedure of virus neutralization test. 
The virus strain used was a field virus isolated from sick camels in 
eastern Sudan in 1992. 
The cytopathic effect of camelpox virus in Vero cells was 
characterized by cell rounding, syncytial and plaque formation. 
Immunoperoxidase and virus neutralization tests were performed 
as serological confirmatory test for the identification of camelpox virus in 
Vero cells. 
Immunoperoxidase test showed brown color in Vero cells infected 
by a virus and this method is rapid and sensitive and can replace virus 
neutralization test used to confirm growth of the virus on cell culture. 
Cytoplasmic inclusion bodies were detected in Vero cells infected 
by camelpox virus when using Hematoxylin-eosin stain. 
The type of cytopathic effect which was formed when camelpox 
virus propagated in Vero cells was influenced by the staying period used 
after the cells being subcultured and also by the incubation temperature 
used. Inoculated Vero cells stayed for 18hrs after subculturing when 
using 35°C incubation temperature induced the formation of syncytia 
more than rounding cells and the reverse is correct when using 37°C and  
Vero cells with 96hrs stayed period. The optimum growth condition 
 (highest viral titer) of camelpox virus in Vero cells was found to be at 
37°C incubation (109TCID50/ml) and pH 7.2 (>109TCID50/ml). At 35°C 
and 39°C there were increases in the virus titer with increasing the 
incubation period time from 48hrs to 72hrs. 
The camelpox virus showed stability in viral titer at pH 7.2 with 
increasing the time of exposing the cells to media with this pH, while at 
pH (5.5, 6.5 and 8) there were a decrease in viral titer by increasing the 
time (1, 3 and 5mins) of exposing the cells to medium with these pH. 
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، ﻡ °53)ﺃﺠﺭﻱ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﺒﻐﺭﺽ ﺩﺭﺍﺴﺔ ﺘﺄﺜﻴﺭ ﻤﺨﺘﻠﻑ ﻤﺘﻭﺴﻁﺎﺕ ﺩﺭﺠﺎﺕ ﺍﻟﺤﺭﺍﺭﺓ 
ﻋﻠﻲ ﻨﻤﻭ ﻓﻴﺭﻭﺱ ﺠﺩﺭﻱ ﺍﻟﺠﻤﺎل ( 8، 2,7، 5,6، 5,5)ﻭﺍﻷﺴﺱ  ﺍﻟﻬﻴﺩﺭﻭﺠﻴﻴﻨﻴﺔ ( ﻡ°93ﻭ ﻡ°73
ﺴﺘﺨﺩﺍﻡ ﻁﺭﻴﻘﺔ ﺍﻟﻤﻌﺎﻴﺭﺓ ﺍﻟﻜﻤﻴﺔ ﻟﺘﺤﺩﻴﺩ ﻭﺫﻟﻙ ﺒﺈ( ﺍﻟﻔﻴﺭﻭ)ﺨﻼﻴﺎ ﺍﻟﻘﺭﺩ ﺍﻷﺨﻀﺭ ﺍﻻﻓﺭﻴﻘﻲ  ﻓﻲ
ﺍﻟﻲ ﺒﺎﻷﻀﺎﻓﺔ . ﻤﻥ ﺍﻟﺨﻼﻴﺎ ﺍﻟﻤﺤﻘﻭﻨﺔ ﻜﻤﺅﺸﺭ ﻟﻘﻴﺎﺱ ﺍﻟﻨﻤﻭ ﺍﻟﻔﻴﺭﻭﺴﻲ% 05ﺍﻟﺠﺭﻋﺔ ﺍﻟﺘﻲ ﺘﺼﻴﺏ 
ﺍﻟﻤﺤﻘﻭﻨﺔ ﺒﻌﺩ ﻓﺘﺭﺍﺕ ﺯﻤﻨﻴﺔ ﻤﺨﺘﻠﻔﺔ ﻤﻥ ﺇﻋﺎﺩﺓ ﺇﺴﺘﺫﺭﺍﻋﻬﺎ  ﺨﻼﻴﺎ ﺍﻟﻔﻴﺭﻭ ﺩﺭﺍﺴﺔ ﺍﻷﺜﺭ ﺍﻟﺫﻱ ﺘﺤﺩﺜﻪ
ﻋﻠﻲ ﻨﻭﻉ ﺍﻷﺜﺭ  (ﻡ°93ﻭ ﻡ°73ﻡ ، °53)ﻤﺨﺘﻠﻔﺔ  ﺤﺭﺍﺭﻱﻋﻨﺩ ﺇﺴﺘﺨﺩﺍﻡ ﺩﺭﺠﺎﺕ ﺘﺤﻀﻴﻥ 
ﻜﺫﻟﻙ ﺇﺠﺭﻱ ﻫﺫﺍ ﺍﻟﺒﺤﺙ ﺒﻐﺭﺽ  .ﺨﻼﻴﺎ ﺍﻟﻔﻴﺭﻭ ﺘﺴﻼﻤﻲ ﺍﻟﺫﻱ ﻴﺤﺩﺜﻪ ﻨﻤﻭ ﺍﻟﻔﻴﺭﻭﺱ ﻓﻲﺍﻻﺴ
ﻤﻥ ﻁﺭﻴﻘﺔ ﺇﺨﺘﺒﺎﺭ ﺍﻟﺘﻌﺎﺩل  ﺒﺩﻻﹰ( ﺍﻟﺒﻴﺭﻭﻜﺴﻴﺩﻴﺯ ﺍﻟﻤﻨﺎﻋﻲ)ﺇﺴﺘﺨﺩﺍﻡ ﺇﺨﺘﺒﺎﺭ ﺍﻟﻘﻴﺎﺴﺎﺕ ﺍﻻﻨﺯﻴﻤﻴﺔ 
  .ﺍﻟﻤﻨﺎﻋﻲ ﺍﻟﻔﻴﺭﻭﺴﻲ ﺍﻟﺫﻱ ﻴﺘﺴﻡ ﺒﻁﻭل ﺍﻟﻤﺩﺓ 
ﺍ ﺍﻟﺒﺤﺙ ﻓﻘﺩ ﺘﻡ ﻋﺯﻟﻬﺎ ﻤﻥ ﺠﻤﺎل ﻤﺼﺎﺒﻪ ﺒﻤﺭﺽ ﻤﺎ ﺴﻼﻟﺔ ﺍﻟﻔﻴﺭﻭﺱ ﺍﻟﻤﺴﺘﺨﺩﻤﺔ ﻓﻲ ﻫﺫﺃ
  .ﻡ2991ﻋﺎﻡ ﺍﻟﺴﻭﺩﺍﻥ  ﺍﻟﺠﻤﺎل ﺒﺸﺭﻕﺠﺩﺭﻱ 
ﺨﻼﻴﺎ ﺍﻟﻔﻴﺭﻭ ﻓﻲ ﺃﻏﻠﺏ ﺍﻷﺤﻴﺎﻥ ﺒﺘﻜﻭﺭﺍﻟﺨﻼﻴﺎ  ﺍﻟﻔﻴﺭﻭﺱ ﻓﻲﺇﺘﺴﻡ ﺍﻷﺜﺭ ﺍﻻﺴﺘﺴﻼﻤﻲ ﻟﻨﻤﻭ 
  (.ﺇﺤﺩﺍﺙ ﺒﻘﻊ ﺘﺤﻠل)، ﺘﻜﻭﻴﻥ ﺨﻼﻴﺎ ﻋﻤﻼﻗﺔ ﻭﺘﻜﻭﻴﻥ ﻟﻭﻴﺤﺎﺕ 
 ﺍﻟﻔﻴﺭﻭﺴﻲ ﺍﻟﺘﻌﺎﺩل ﺍﻟﻤﻨﺎﻋﻲ ﻤﻥ ﺍﻷﺨﺘﺒﺎﺭﺍﻷﻨﺯﻴﻤﻲ ﺍﻟﻤﻨﺎﻋﻲ ﻭﺃﺨﺘﺒﺎﺭ ﺇﺴﺘﺨﺩﻡ ﻜﻼﹰ
  . ﺨﻼﻴﺎ ﺍﻟﻔﻴﺭﻭ ﻋﻠﻲ ﻨﻤﻭ ﻓﻴﺭﻭﺱ ﺠﺩﺭﻱ ﺍﻟﺠﻤﺎل ﻓﻲﻑ ﻜﺄﺨﺘﺒﺎﺭﺍﺕ ﺘﺄﻜﻴﺩﻴﺔ ﻟﻠﺘﻌﺭ
ﺨﻼﻴﺎ ﺍﻟﻔﻴﺭﻭ  ﻷﻨﺯﻴﻤﻲ ﺍﻟﻤﻨﺎﻋﻲ ﻅﻬﻭﺭ ﻟﻭﻥ ﺒﻨﻲ ﻓﻲﻜﻤﺎ ﺍﻅﻬﺭﺕ ﻨﺘﺎﺌﺞ ﺍﻷﺨﺘﺒﺎﺭ ﺍ
ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﻔﻴﺭﻭﺱ ﻭﻫﺫﻩ ﺍﻟﻁﺭﻴﻘﺔ ﺃﺴﺭﻉ ﻭﺃﻜﺜﺭ ﺩﻗﺔ ﻤﻥ ﺃﺨﺘﺒﺎﺭ ﺍﻟﺘﻌﺎﺩل ﺍﻟﻤﻨﺎﻋﻲ ﻭﺫﻟﻙ ﻟﻠﺘﺄﻜﺩ ﻤﻥ 
  .ﺍﻟﻔﻴﺭﻭﺱ ﺩﺍﺨل ﺨﻼﻴﺎ ﺍﻟﻔﻴﺭﻭﻨﻤﻭ 
 ﺃﻅﻬﺭﺕ ﺨﻼﻴﺎ ﺍﻟﻔﻴﺭﻭ ﺍﻟﻤﺼﺎﺒﺔ ﺒﺎﻟﻔﻴﺭﻭﺱ ﻅﻬﻭﺭ ﻤﺸﺘﻤﻼﺕ ﻓﻲ ﺍﻟﻬﻴﻭﻟﻲ ﻭﺫﻟﻙ ﻋﻨﺩ 
  .ﺼﺒﻐﻬﺎ ﺒﺼﺒﻐﺔ ﺍﻟﻬﻴﻤﺎﺘﻭﻜﺴﻠﻴﻥ ﺃﻴﻭﺴﻴﻥ
ﺨﻼﻴﺎ  ﻪ ﻓﻴﺭﻭﺱ ﺠﺩﺭﻱ ﺍﻟﺠﻤﺎل ﻋﻨﺩ ﻨﻤﻭﻩ ﻓﻲﻴﺘﺄﺜﺭ ﻨﻭﻉ ﺍﻷﺜﺭ ﺍﻹﺴﺘﺴﻼﻤﻲ ﺍﻟﺫﻱ ﻴﻨﺘﺠ
ﻼﻴﺎ ﺍﻟﻔﻴﺭﻭ ﻟﺯﻤﻨﻴﺔ ﻟﺤﻘﻥ ﺍﻟﻔﻴﺭﻭﺱ ﻓﻲ ﺨﺍﻟﻔﺘﺭﺓ ﺍ ﺒﻤﺅﺜﺭﺍﺕ ﻤﻨﻬﺎ( ﺍﻟﻔﻴﺭﻭ)ﺍﻟﻘﺭﺩ ﺍﻷﺨﻀﺭ ﺍﻷﻓﺭﻴﻘﻲ 
ﺩﺭﺠﺔ ﺤﺭﺍﺭﺓ ﺍﻟﺘﺤﻀﻴﻥ ﻟﻠﺨﻼﻴﺎ ﺍﻟﻤﺼﺎﺒﺔ ﺤﻴﺙ ﻭﺠﺩ ﺃﻥ ﺨﻼﻴﺎ ﺍﻟﻔﻴﺭﻭ  ﺒﻌﺩ ﺇﻋﺎﺩﺓ ﺇﺴﺘﺫﺭﺍﻋﻬﺎ ﻭ
ﺩﺭﺠﺔ  53 ﺴﺎﻋﺔ ﻤﻥ ﻋﻤﻠﻴﺔ ﺇﻋﺎﺩﺓ ﺇﺴﺘﺫﺭﺍﻋﻬﺎ ﻋﻨﺩ ﺇﺴﺘﺨﺩﺍﻡ 81ﺘﻡ ﺤﻘﻨﻬﺎ ﺒﺎﻟﻔﻴﺭﻭﺱ ﺒﻌﺩ  ﺍﻟﺘﻲ
ﺭ ﺍﻟﺨﻼﻴﺎ ﻭﺍﻟﻌﻜﺱ ﺼﺤﻴﺢ ، ﺘﺤﻔﺯ ﺘﻜﻭﻴﻥ ﺍﻟﺨﻼﻴﺎ ﺍﻟﻌﻤﻼﻗﺔ ﺃﻜﺜﺭ ﻤﻥ ﺘﻜﻭﺤﺭﺍﺭﻱ  ﺘﺤﻀﻴﻥﻤﺌﻭﻴﺔ 
  .ﺴﺎﻋﺔ ﻤﻥ ﺇﻋﺎﺩﺓ ﺇﺴﺘﺫﺭﺍﻋﻬﺎ 69ﻤﺤﻘﻭﻨﺔ ﺒﻌﺩ  ﻭﺨﻼﻴﺎ ﻓﻴﺭﻭ 73ﻥ ﻋﻨﺩ ﺇﺴﺘﺨﺩﺍﻡ ﺩﺭﺠﺔ ﺘﺤﻀﻴ
ﻭﻗﺩ ﺃﻅﻬﺭﺕ ﻫﺫﻩ ﺍﻟﺩﺭﺍﺴﺔ ﺃﻥ ﺍﻟﻅﺭﻭﻑ ﺍﻟﻤﺜﻠﻲ ﻟﻨﻤﻭ ﻓﻴﺭﻭﺱ ﺠﺩﺭﻱ ﺍﻟﺠﻤﺎل ﻓﻲ ﺨﻼﻴﺎ 
ﺃﺱ ﻫﻴﺩﺭﻭﺠﻴﻨﻲ  2.7ﻓﻲ  )lm/05DICT901( ﻡ° 73ﻜﺎﻨﺕ ﻋﻨﺩ ( ﺃﻋﻠﻲ ﻋﻴﺎﺭﻴﺔ ﻟﻠﻔﻴﺭﻭﺱ)ﺍﻟﻔﻴﺭﻭ
ﺯﻴﺎﺩﺓ ﻓﻲ ﺃﻋﺩﺍﺩ  ﻡ° 93 ,ﻡ°53، ﻜﻤﺎ ﺃﻅﻬﺭﺕ ﺩﺭﺠﺘﻲ ﺍﻟﺤﺭﺍﺭﺓ   lm/05DICT901>()
 .ﺴﺎﻋﺔ 27ﺍﻟﻲ 84ﺍﻟﻔﻴﺭﻭﻨﺎﺕ ﻋﻨﺩ ﺯﻴﺎﺩﺓ ﻓﺘﺭﺓ ﺍﻟﺤﻀﺎﻨﺔ ﻤﻥ
ﺃﻤﺎ ﻋﻨﺩ  2.7 ﻜﺫﻟﻙ ﺃﻅﻬﺭ ﺍﻟﻔﻴﺭﻭﺱ ﺇﺴﺘﻘﺭﺍﺭﻴﺔ ﻓﻲ ﺍﻟﻌﻴﺎﺭﻴﺔ ﻋﻨﺩ ﺍﻟﺭﻗﻡ ﺍﻟﻬﻴﺩﺭﻭﺠﻴﻨﻲ
 ﺯﻴﺎﺩﺓ ﺍﻟﻭﻗﺕﻋﻴﺎﺭﻴﺔ ﺍﻟﻔﻴﺭﻭﺱ ﻤﻊ  ﻜﺎﻥ ﻫﻨﺎﻙ ﺇﻨﺨﻔﺎﺽ ﻓﻲ (8،  5,6، 5,5) ﺍﻷﺴﺱ ﺍﻟﻬﻴﺩﺭﻭﺠﻴﻨﺔ
 .ﺍﻟﺫﻱ ﺘﻌﺭﻀﺕ ﻟﻪ  ﺨﻼﻴﺎ ﺍﻟﻔﻴﺭﻭﻟﻠﺒﻴﺌﺎﺕ ﺫﺍﺕ ﺍﻷﺴﺱ ﺍﻟﻬﻴﺩﺭﻭﺠﻴﻨﻴﺔ ﺴﺎﻟﻔﺔ ﺍﻟﺫﻜﺭ ﺩﻗﺎﺌﻕ (1،3،5)
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 Introduction 
 
Camels are important livestock resource uniquely adapted to 
hot and arid environments. They have been utilized by man for 
centuries, for meat, milk, wool, hides and traction power. The export 
of camels for slaughter to Egypt, Libya and other countries is an 
important source of foreign currency (Rollefson et al., 1992). 
Camels are susceptible to some infectious diseases such as pox 
and pox- like diseases which are a group of exanthematous skin 
diseases which emerged as being of increasing economic importance 
(Munz, 1992). They may be caused by three distinct viruses: 
Orthopoxvirus cameli (CPV), Parapoxvirus (Camel contagious 
ecthyma, CCE) and Papilloma virus (Camel papilloma virus infection) 
(Munz, 1992). 
Camelpox is wide spread in the arid zones of Africa, the 
middle–east and central Asia. Camelpox virus (CPV) is an 
orthopoxvirus (OPV) that cause high mortality and morbidity in its 
single host species. Virions contain one molecule of linear double 
stranded DNA. The total genome length is 130000-375000 nt. 
Genome sequence has terminal repeated sequences; reiterated inverted 
terminal sequences which are tandemly repeated at both ends. 
Guanine + cytosine ratio 35-64 %. Double stranded DNA covalently 
cross-linked at the end (Afonso et al., 2002).  
Camelpox is caused by a camelpox virus that belongs to the 
orthopoxvirus genus of the family Poxviridae. The poxviridae 
comprises a large family of complex DNA viruses that replicate in the 
cytoplasm of vertebrate and invertebrate cells. Orthopoxvirus genus 
 include besides Camelpox virus, Cowpox virus, Ectromelia virus 
(Mousepox virus), Monkeypox virus, Raccoonpox virus, Taterapox 
virus, Vaccinia virus, Variola virus (smallpox virus) and Volepox 
virus (Mingle, 1974). 
Camelpox virus can be propagated in a large variety of cell 
cultures including the following cell lines: African Green Monkey 
Kidney cell (Vero) (Ramyar and Hessami, 1972;Nguyen et al., 
1989;El-Harrak et al., 1991; Khalafalla and Mohamed, 1998), Baby 
Hamster Kidney (BHK) (Renner-Muller et al.,1995), Hela, Human 
transformed cells (LLC-MK2), Human embryo lung cells (HEL), 
Human embryo Kidney cells (HEK) (Baxby, 1974), camel skin cells 
(Kaaden et al., 1992), Lamb Kidney cells, calf and pig kidney cells, 
camel kidney cells (Hafez et al., 1992), lamb and calf testis cells 
(Ramyar and Hessami, 1972), fetal lamb kidney and testis cells 
(Nguyen et al., 1989), chick embryo fibroblast cells (Al-Falluji et al., 
1979), human epidermal carcinoma cells, mouse fibroblast (Renner-
Muller et al., 1995). 
In general, the cytopathic effect (CPE) due to the growth of this 
virus in cells consisted of cell rounding, detachment from the glass, 
plaque formation and appearance of multinucleated giant cells 
(syncytial formation) (Hafez et al., 1992; Khalafalla et al., 1998). 
Infected Vero cells displayed a plaque type CPE within 4-6 
days in the first passage and within 2-3 days in the second and third 
passages (Baxby, 1972). 
Features of the CPE and plaque production by camelpox virus 
on tissue culture differentiate it from vaccinia, variola and monkeypox 
viruses (Borisovich and Orekhov, 1966). 
 According to Khalafalla and Mohamed (1998) who studied 
growth of camelpox viruses isolated in the Sudan in embryonated 
chicken eggs incubated at 35°, 37°, 39° and 41°C for 5 days. Results 
showed that at 37°C infection of the CAM, pocks produced with 0.5 – 
1.5 mm in diameter, at 35°C the size of the pocks reduced being 0.3-
0.5mm in diameter while at 39°C no pocks were detected. This means 
that incubation temperature of inoculated eggs has a marked effect on 
virus infectivity and multiplicity. 
So the main objective of this study is to see if these 
temperatures of 35°C and 39°C will lead to the same effects on virus 
infectivity and multiplicity when cell culture is used.  
Another important objective of this study is to use immuno- 
peroxidase as a rapid test to identify camelpox virus grown in cell 
culture which could replace the lengthy and costly virus neutralization 
test. 
 Chapter 1 
Literature Review 
Camel pox  
1.1 Definition:- 
Camelpox (CP) is the most common viral disease of camels and 
the most devastating. It occurs throughout the range of camels with 
the notable exception of Australia (Manefield and Tinson, 1997). 
Camelpox virus, a true pox virus, has been shown to be strongly 
related to the human O.variola smallpox virus. This has led to 
numerous authors to question whether the disease could be zoonotic 
(Kriz, 1982, Jezek et al., 1983; Abbas and Omer, 2005); however, 
current findings indicate that it is clearly not. The camelpox virus 
belongs to the family Poxviridae, subfamily Chordopoxvirinae, genus 
Orthopoxvirus. The disease is characterised by fever, local or 
generalised pox lesions on the skin and in the mucous membranes of 
the mouth, respiratory and digestive tracts. The clinical manifestations 
range from inapparent infection to mild, moderate and less commonly, 
severe systemic infection and death. The disease occurs more 
frequently and more severely in young animals. Transmission is by 
either direct contact between infected and susceptible animals or 
indirect infection via a contaminated environment. The role of insects 
in transmission has been suspected because the disease is often 
observed after rainfall. Camelpox virus is very host specific and does 
not infect other animals. Only one suspected case of human camelpox 
involving mild skin lesions has been described, underlining that 
camelpox is of no public health importance (Tantawi and Sokar, 
1975). 
   1.2 Etiology of camelpox:- 
   Camelpox is caused by a virus which has been classified 
under the Orthopoxvirus genus of the family Poxviridae (Mahnel, 
1974; Meyer et al., 1993). The virus has the characteristics and 
properties of a true pox virus and is closely related to the vaccinia-
variola group (Mahnel and Bartenbach, 1973). Andrews et al (1978) 
considered the virus to be a member of the Orthopox virus group with 
resemblance to the smallpox virus. Camelpox virus has a typical 
brick-shaped appearance with irregularly arranged, tubular surface 
proteins. Parapoxviruses are slightly smaller, ovoid-shaped and the 
surface proteins are regularly arranged. The average size of the virion 
is 265–295 nm. A virion consists of an envelope, outer membrane, 
two lateral bodies and a core. The nucleic acid is a double-stranded 
linear DNA. Virus replicates in the cytoplasm of the host cell, in so-
called inclusion bodies. 
1.3   Physico-chemical properties of camelpox virus:-              
Camelpox virus haemagglutinates cockerel erythrocytes. 
However, the haemagglutination may be poor (Davies et al., 1975). 
There are conflicting reports about the susceptibility of CPV to ether 
and chloroform. Ramyar and Hessami (1972) found that the virus was 
sensitive to both ether and chloroform while Al-Falluji et al (1979) 
found it to be resistant to both ether and chloroform. Other (Davies et 
al., 1975; Nguyen et al., 1989) found that CPV was resistant to ether 
but sensitive to chloroform. 
The virus is sensitive to pH 3-5 and pH 8.5-10. Poxviruses are 
susceptible to various disinfectants including 1% sodium 
 hypochlorite, 1% sodium hydroxide, 1% peracetic acid, formaldehyde, 
0.5–1% formalin and 0.5% quaternary ammonium compounds. The 
virus can be destroyed by autoclaving, boiling for 10 minutes and is 
killed by ultraviolet rays (245 nm wave length) in a few minutes 
(Coetzer, 2004). 
Effect of temperature on virus infectivity also varied between 
CPV isolates in different countries. Al-Falluji et al (1979) reported on 
the heat stability of an Iraqi isolate of CPV. The virus was found to be 
resistant to heat at 56°C for 1 hr. Reduction of 50% of virus infectivity 
and complete inactivation occurred at 60°C after 1 and 2hrs 
respectively. The virus infectivity was greatly reduced at 70°C after 
10 minutes and completely disappeared after 30 minutes. On the other 
hand, Nguyen et al (1989) found that a CPV isolated in Niger was 
thermolabile at 56°C for 10 minutes. The CPV isolate lost infectivity 
of cell culture when heated at 56°C for 10 minutes and above 
(Khalafalla and Mohamed, 1998). The virus is readily inactivated by 
heat, direct sun light, weak acids, alkali, iodine and potassium 
permanganate (McGrane and Higgins, 1985).  
 
1.4 Biological Properties of CPV:- 
1.4.1 Host spectrum:- 
The camelpox virus is very host specific and does not infect 
other animal species, including cattle, sheep and goats. Field reports 
of mild skin lesions in humans associated with camel pox have been 
recorded (Coetzer, 2004), but it appears that only one suspected case 
of human camelpox has been described (Kriz, 1982), underlining that 
camelpox is of no public health importance. The virus has low 
 pathogenicity for animls (Sadykov, 1970; Mayr and Buttner, 1990). 
At the same time this virus was found to have a certain degree of 
pathogenicity for chick embryos, white mice (intracerebral  
inoculation) and ckickens (inoculated into the follicles). The latter 
observation is at variance with data presented by Mayr and Buttner 
(1990) who found no reaction after infection by this route. This 
discrepancy may be due to the use of different infective doses, strain 
features of the virus. Some pox viruses, as far as researchers can tell, 
infect only a single host. Camelpox for instance, has been found only 
in camels. And yet of all the pox viruses, it is the most closely one 
related to smallpox. Some poxviruses, like variola major (smallpox) of 
humans, ectromelia virus (mousepox) of mice or camelpox virus of 
camels remain largely restricted to one host species and rarely, if ever, 
cause zoonotic infections outside of that species. Camelpox is most 
probably not a zoonosis. Skin eruptions have been reported in camel 
herdsmen in which CP was clinically highly suspected but not 
confirmed microbiologically (Andrewes et al., 1978). 
Herdsmen may represent another group of persons more 
frequently exposed to camelpox disease Thus, as proposed by Azwai 
et al (1996), immunological surveys for specific camelpox antibodies 
could be helpful to determine a possible transmission of camelpox to 
man. A study has already been done in herdsmen in the early 80’s by 
using three methods including electron microscopy to identify the 
presence of camelpox virus, but none was found positive for CPV. 
 
 
 1.4.2 Isolation of the virus on chorioallantoic membrane of 
embryonated chicken eggs:- 
Chicken embryos are commenly employed for propagation of 
pox viruses on the chorioallantoic membrane (CAM) (Cunningham, 
1973). Camelpox virus can be isolated on the chorioallantoic 
membrane (CAM) of 11–13-day old embryonating chicken eggs. The 
eggs should be incubated at 37°C and after 5 days, the eggs containing 
living embryos are opened and the CAM examined for the presence of 
characteristic pock lesions: dense, greyish white pocks. Camelpox 
virus does not cause death in inoculated embryonated chicken eggs. 
The maximum temperature for the formation of pock lesions is 
38.5°C, no pocks were formed at 39°C (Khalafalla and Mohamed, 
1998; Davies et al., 1975). If the eggs are incubated at 34.5°C the 
pocks are flatter and a haemorrhagic centre may develop (Tantawi  
and Sokar, 1975). 
The pock lesions could be localized to the inoculation area (Al-
Falluji et al., 1979) or generalized involving the entire CAM 
(Chauhan  and  Kaushik, 1987). 
Camelpox virus showed a low pathogenicity for chick embryos. 
As a rule, at 72 hours after inoculation, the embryos remained viable 
but Chauhan and Kaushik (1987) recorded embryo mortality of 20-
30%.Camelpox LD50 for chick embryo is 208 PFU/ 0.1ml (Sadykov, 
1970). 
 
 
 1.4.3 Cell culture spectrum:- 
 Camelpox virus can be propagated in a large variety of cell 
cultures of different origin and produces different types of cytopathic 
effect (CPE), according to the origin of the cells (Munz, 1992). These 
cells including: Vero, MA-104 and MS monkey kidney, baby hamster 
kidney (BHK) and the following primary cell cultures: lamb testis, 
lamb kidney, camel embryonic kidney, calf kidney and chicken 
embryo fibroblast (Davies et al., 1975). Characteristic, plaque-type 
cytopathic effect (CPE) showing foci of rounded cells, cell 
detachment, giant cell formation and syncytia may appear as soon as 
24 hours post-inoculation. Syncytia may contain up to 20– 25 nuclei.  
The foci of CPE had an irregular elongated form, cells in such foci 
retained their fibro-blast -like structure but were more refractile. The 
growth of camelpox virus on a cell culture can be confirmed by TEM, 
PCR or antigen capture enzyme-linked immunosorbent assay (ELISA) 
(Johann and Czerny, 1993). In general the CPE consisted of rounding 
of cells, plaque formation and appearance of multinucleated giant 
cells. However in some cell cultures such as Vero and BHK foci of 
irregular elongation of the cytoplasm or strand formation similar to 
those described by Nguyen et al (1989) were observed. Variation in 
term of time of appearance of first CPE and time taken for total 
destruction of the cell sheet were noticed. Vero, calf and lamb tests 
cell cultures were found to be more sensitive to CPV compared to HK, 
lamb and calf kidney, CEF and CEK cell cultures (Renner-Muller et 
al., 1995). Infected Vero cells displayed a plaque -type cytopathic 
effect (CPE) within 4-6 days in the first passage and within 2-3 days 
in the second and third passages (Baxby, 1972). 
 Inoculation of the virus in permissive cells aged less than 24 
hours with an incubation temperature of 35-36°C produced more 
plaques of syncytium than the rounded cells focus. The rounded cells 
become dominant at the time of using either aged cells or an 
incubation temperature of 37°C and more or during the period of 
adaptation of the virus to a new type of cells (Hafez et al., 1992). 
 In cells of camelpox virus-infected primary chick embryo 
fibroblast culture (CEF), cytoplasmic inclusions resembling Guarnieri 
bodies were found. The inclusions were concentrated in the foci of 
CPE. Camelpox virus in CEF culture produced lytic plaques of 
irregular form and up to 3mm in diameter. Groups of degenerated 
cells could be seen in the centers of the plaques as stained points. 
Plaques produced by the camelpox virus appeared by 96 hours after 
inoculation. In CEF cultures infected with a dose of 10 PFU/0.1 ml, 
cytopathic changes were first noted at 72 hours, with lower doses of 
the virus  the time of appearance of CPE increased to 5-7 days, the 
size of CPE foci increased and the foci become rounded . 
1. 5 Antigenic properties of CPV:- 
All the viruses in the genus Orthopoxvirus cross-react 
serologically. However, within the genus only camelpox virus can 
cause pox-like lesions in camels. Parapox and camelpox viruses do 
not cross-react and so infections of camelpox and camel orf can be 
distinguished serologically. Most of the conventional serological tests 
are very time-and labour-consuming, which makes them not suitable 
for primary diagnosis. However, serological tests are a valuable tool 
for secondary confirmatory testing and retrospective epidemiological 
 studies in those areas where vaccination against camelpox is not 
practised (Azwai et al., 1996). 
The study of the antigenic structure of camelpox virus 
confirmed the presence of the antigenic components common for 
other viruses (variola, vaccinia, monkeypox). At the same time the 
features of localization and the character of precipitation bands 
formed by camelpox virus with antivaccinia serum in the agar gel 
suggest some differences in the antigenic structure of this virus as 
compared with that of vaccinia and cowpox virus. There is fact that 
camels like many other animals, are susceptible to vaccinia virus and 
therefore may be infected with this virus. Conceivably also under 
certain conditions, camelpox virus may be pathogenic for man, as 
cowpox and monkeypox viruses. Five orthopoxvirus isolates of 
camels from different geographical regions of Africa and Asia were 
analyzed with respect to their biological and genomic attributes, these 
findings confirm that the orthopox viruses of camels constitute a 
separate species within the genus orthopoxvirus (Renner–Muller et al., 
1995). 
    1. 6 Serological tests:- 
    A wide range of serological tests are available to identify 
camelpox. The tests used for the detection of the antibodies 
against camelpox virus include neutralization, agar gel 
precipitation, haemagglutination, haemagglutination inhibition, 
complement fixation, fluorescent antibody and antibody 
capturing ELISA. Camelpox virus shows a poor 
haemagglutinating activity; in cell culture it gives 
haemadsorption (Fenner et al., 1989). 
 1.7 Viral replication:- 
Poxviruses multiply in the cytoplasm. Its linear double- 
stranded genome encodes a large number of proteins and these allow 
the virus to replicate with a considerable degree of autonomy from it’s 
host. It appears that viral gene expression is totally independent of the 
host nucleus since infection can proceed in experimentally enucleated 
cells. This cytoplasmic life cycle requires that the infecting virion 
carries the enzymes needed for mRNA synthesis, including a DNA-
dependent RNA polymerase and enzymes that cap methylate, and 
polyadenylate the resulting mRNAs. Splicing activities are not known 
to be used by these viruses. Using the enzymes from the infecting 
particle, viral transcription begins in cytoplasmic replication 
''factories''. Only a subset of viral genes (the early genes) is transcribed 
initially. Early gene products include proteins needed for replication 
and to activate the intermediate genes, which then activate late genes. 
Thus, infection leads to a phased sequence of gene expression 
punctuated by viral DNA synthesis, much as is seen for the other 
DNA viruses. Independence from the cells own transcription 
machinery allows the virus the opportunity to shut the cell nucleus 
down, so that all the metabolic resources of the cell are devoted to the 
virus. Poxviruses are exclusively cytolytic. Poxviruses make a large 
array of proteins involved in modulating the host immune response to 
infection (Flint and Shenk, 1997). 
1.8 Immunity to virus:- 
Immunity against camelpox is both humoral and cell mediated. 
The relative importance of these two mechanisms is not fully 
 understood, but it is believed that circulating antibodies do not reflect 
the immune status of the animal (Wernery and Kaaden, 2002) Life-
long immunity follows after natural infection. Live, attenuated vaccine 
provides protection against the disease for at least 6 years, probably 
longer (Wernery and Zachariah, 1999). Inactivated vaccine provides 
protection for 1 year only. The genome of an orthopoxvirus codes for 
a large number of different polypeptides, each of which is potentially 
antigenic; hence a large number of different antibodies are produced 
during orthopoxvirus infections (Fenner et al., 1989). These may be 
short-lived IgM or persistent IgG. These antibodies are considered to 
prevent generalization of the virus and the development of a cyclic 
disease and may persist for 2-3 years. 
1.9 Historical perspective:- 
Camelpox was initially described in Punjab, India in 1909. 
Subsequently the disease was reported in the Soviet Union in 1966, 
Iran in 1972, Egypt in 1974, Kenya in 1975, Iraq in 1979, Somalia in 
1982,Yemen, Afghanistan and Pakistan in 1983, Saudi Arabia in 
1986, Morocco, Ethiopia, Oman and Sudan in 1987 , Niger in 1989 
and more recently in Bahrain and United Arab Emirates. Kenya, 
Somalia, Sudan, the Near East and some Asian countries are regarded 
as the main endemic areas of camelpox disease, although no exact 
data are available (Munz, 1992). In Sudan, the presence of camelpox 
was first reported in 1953 (Anon, 1954). 
1.10 Geographical distribution of the disease:- 
Camelpox occurs in almost every country in which camel 
husbandry  is  practised apart from the introduced dromedary camel in 
 Australia and tylopods (llama and related species) in South America. 
Outbreaks have been reported in the Middle East (Bahrain, Iran, Iraq, 
Oman, Saudi Arabia, United Arab Emirates and Yemen), in Asia 
(Afghanistan and Pakistan), in Africa (Algeria, Egypt, Ethiopia, 
Kenya, Mauritania, Morocco, Niger, Somalia and Sudan) and in the 
southern parts of Russia and India. The disease is endemic in these 
countries and a pattern of sporadic outbreaks occurs with a rise in the 
seasonal incidence usually during the rainy season (Mayer and 
Czerny, 1990).  In Sudan, the disease is known to exist for years under 
the name “Al Geddari ”.  Khalafalla and Mohamed (1996) reported 
that the disease has considerable economic significance in eastern 
Sudan with epizootics occurring every 2 to 5 years depending on the 
availability of susceptible animals. 
1.11 Epidemiology of the disease:- 
Occurance of camelpox outbreaks are often reported during the 
wet season (Munz, 1992). This may be due to insect transmission. The 
camelpox virus has been isolated from the camel tick Hyalomma 
dromedarii. It is generally believed that a larger orthropod population 
builds up during rainy season. When the disease develops during the 
dry season, it usually follows a mild course (Pfahler and Munz, 1989). 
Camelpox is widespread in the arid zones of Africa, the Middle East 
and central Asia. 
Transmission is by either direct contact between infected and 
susceptible animals or indirect infection via a contaminated 
environment. The infection is usually achieved by inhalation or 
through skin abrasions. Virus is secreted in milk, saliva, ocular and 
 nasal discharges. Dried scabs shed from the pox lesions may contain 
live virus for at least 4 months and contaminate the environment. The 
role of an arthropod vector in the transmission of the disease has been 
suspected. Camelpox virus has been detected by transmission electron 
microscopy (TEM) and virus isolation from the camel tick, Hyalomma 
dromedarii, collected from animals infected with camelpox virus. The 
increased density of the tick population during the rainy season may 
be responsible for the spread of the disease. However, other potential 
vectors may be involved, such as biting flies and mosquitoes 
(Wernery et al., 1997).                                                        
Outbreaks of camelpox have followed seasonal movements for 
grazing and watering purposes, which produce some mixing of the 
herds and the recent introductions of new camels into the herd (Davies 
et al., 1985). 
1.12 Clinical signs:-  
Camelpox is an acute dermatitis that starts as a mild fever and 
develops into papules then pustules and scabs around the eyes, lips, 
neck and thigh, although scabs can occur anywhere on the body.  
The disease is characterised by fever, enlarged lymph nodes and 
skin lesions. Skin lesions appear 1–3 days after the onset of fever, 
starting as erythematous macules, developing into papules and 
vesicles and later turning into pustules. Crusts develop on the ruptured 
pustules. These lesions first appear on the head, eyelids, nostrils and 
the margins of the ears. In severe cases the whole head may be 
swollen. Later, skin lesions may extend to the neck, limbs, genitalia, 
mammary glands and perineum. In the generalised form, pox lesions 
 may cover the entire body. Skin lesions may take up to 4–6 weeks to 
heal. In the systemic form of the disease, pox lesions can be found in 
the mucous membranes of the mouth, respiratory and digestive tracts 
(Kriz, 1982).  
The animals may show salivation, lacrimation and a 
mucopurulent nasal discharge. Diarrhoea and anorexia may occur in 
the systemic form of the disease. Pregnant females may abort. Death 
is usually due to secondary infections and septicaemia (Wernery and 
Kaaden, 2002). 
The disease occurs in epizootics that last 2–5 months, with 
higher prevalence in the winter, and is spread mainly by direct contact 
between sick and susceptible animals, particularly at waterholes or 
feeding sites. The average duration of illness is 16 days (range 10–30 
days) (Kris, 1982). Most camels will recover from the disease over 
two to four weeks. 
Differences in the virulence of camelpox strains have been 
suggested, which may explain the phenomenon that some strains 
produced generalized pox infections which occur in younger animals 
and others only a localized form occurring in older camels (Wernery 
et al., 1997). 
 The course of the disease was found to range between 15-30 
days. In some animals the course extended up to 2-4 months with 
localized pox lesions (Khalafalla and Mohamed, 1996). 
1.13 Morbidity and Mortality:- 
The morbidity rate of camelpox is variable and depends on 
whether the virus is circulating in the herd. Serological surveys taken 
in several countries reveal a high prevalence of antibodies to 
 camelpox. The incidence of disease is higher in males than females, 
and the mortality rate is greater in young animals than in adults (Kriz, 
1982). Morbidity rates can reach 100% in some camel herds, mortality 
rates range between 0% and 2% in the mild form and 28% to 40% 
during severe outbreaks (Abbas and Omer, 2005). Mortality is 
generally the result of severe and mutilating labial lesions, pneumonia, 
haemorrhagic gastroenteritis and generalised adenopathy (swollen 
lymph nodes). In Somalia camelpox most commonly occurs in 
younger camels aged up to three years, with 18% of cases in camels 
aged up to one year, in 1–2 year olds, and 16% in 2–3 year olds, mean 
case age 2.7 years (Kriz, 1982), who further reported the respective 
mortality rates of 44%, 31%, and 13% indicating that older camels are 
more likely to recover from the disease, likely a result of earlier 
challenges and subsequent seroconversion. Khalafalla and Mohamed 
(1996) reported slightly different findings in Sudan, with 31% of 
mortalities occurring 0–1 year olds, 63% 1–2 year olds and 6.2% in 
the age group of 2-3 years. Kriz (1982) and Jezek et al (1983) also 
described a high incidence of illness and a twice higher case fatality 
rate in male camels. The mortality rate appears to be influenced by the 
presence of intercurrent diseases (notably trypanosomiasis), stress, the 
age structure and the general nutritional status of the herd at the time 
of the outbreak as well as the virulence of the virus strain involved 
(Jezek et al., 1983). 
1.14 Diagnosis of the disease:- 
The presumptive diagnosis of camelpox infection is based on 
clinical signs. However, infections of camels with contagious ecthyma 
(orf), papilloma virus and reaction to insect bites are considered 
 differential diagnoses in the early clinical stages and in mild cases of 
camelpox. Several diagnostic methods are available and, where 
possible, more than one should be used to make a confirmatory 
diagnosis of disease. The fastest method of laboratory confirmation of 
camelpox is by the demonstration of the characteristic, brick-shaped 
orthopox virions in skin lesions, scabs or tissue samples using 
transmission electron microscopy (TEM). Camelpox virus is distinct 
from the ovoid-shaped parapox virus, the aetiological agent of the 
principle differential diagnosis: camel orf. However, both viruses may 
be seen simultaneously on TEM as infection with both viruses has 
been reported to occur (Mayer and Czerny, 1990). 
Camelpox can be confirmed by demonstration of the camelpox 
antigen in scabs and pox lesions in tissues by immunohistochemistry 
(Nothelfer et al., 1995). It is a relatively simple method that can be 
performed in laboratories where TEM is not available. In addition, the 
paraffin-embedded samples can be stored for a long period of time, 
enabling future epidemiological and retrospective studies. Camelpox 
virus may be propagated on the chorioallantoic membrane (CAM) of 
embryonated chicken eggs. After 5 days, characteristic lesions can be 
observed on the CAM (Tantawi and Sokar, 1975). Camelpox virus 
shows typical cytopathic effect on a wide variety of cell cultures. 
Intracytoplasmic eosinophilic inclusion bodies, characteristic of 
poxvirus infection, may be demonstrated in infected cells using 
hematoxylin and eosin stain. The presence of viral nucleic acid may 
be confirmed by polymerase chain reaction and different strains of 
camelpox virus may be identified using DNA restriction enzyme 
analysis. An antigen-capture enzyme-linked immunosorbent assay 
 (ELISA) for the detection of camelpox virus has been described 
(Pfeffer et al., 1996). A wide range of serological tests are available to 
identify camelpox. The tests used for the detection of the antibodies 
against camelpox virus include neutralisation, agar gel precipitation, 
haemagglutination, haemagglutination inhibition, complement 
fixation, fluorescent antibody and antibody-capturing ELISA (Pfeffer 
et al., 1998). 
1.15 Control of the disease:- 
There is no treatment for camelpox infections; in order to 
minimize secondary infections it is advisable to treat severe cases by 
local application or parenteral administration of broad spectrum 
antibiotics and vitamins to prevent the complexity of microbial 
infection (Kaaden et al., 1992; Klopries et al., 1993). 
Although camelpox has a great economic significance, only a 
few scientists have concerned themselves with the production of a 
specific vaccine. Camel owners recognizing the importance of 
camelpox, these owners protect their calves by dissolving scabs from 
affected animals in milk and rubbing the mixture on the calves 
scarified lips (Wernery et al., 1997). 
In the case of recovering the animal, it is gaining immunity 
from the disease throughout his life. Because of the possibility of 
disease transmission to humans, therefore, it is recommended to use 
rubber gloves to prevent infection. 
Treatment with cidofovir antiviral agents could be a therapeutic 
approach to manage camelpox infections particularly in young camels. 
 The appropriate age for vaccination is 6 months. This is in 
agreement with El-Harrak et al (1998) who stated that pregnant 
camels and 6month-old camels can be vaccinated with the inactivated 
vaccine. 
Wernery and Kaaden (2002) suggested that young camels 
between 6-9 months can be vaccinated and should receive a booster 
injection 4 weeks later.  
1.16 Outbreaks of the disease:- 
There was an outbreak of camelpox in an experimental camel 
herd in Riyadh and was recorded 100% morbidity rate in camel calves 
with a corresponding morbidity rate of 33% in pregnant females. 
The diagnosis was confirmed by electron microscopy of the 
scabs, which revealed orthopoxvirus and by inoculation into chicken 
egg embryos via the chorioallantoic membrane in which typical 
whitish pocks lesions were produced (Mansour et al., 1999). 
The first outbreak of camelpox in Syria occurred in the 
provinces Hama and Duma in 2005. The etiologic agent was cultured 
on Vero cell and displayed a CPE within 4-6 days in the first passage 
and within 2-3 days in the second and third passages which led to 
isolation of camelpox virus strain CP-Syria. CAMs from embryonated 
eggs were harvested on day 6 post inoculation and characteristic 
dense, grayish-white pocks were observed (Omer et al., 2007). 
 
 
 Chapter II 
Materials and Methods 
 
2.1 Materials:- 
2.1.1 The virus:- 
The virus used in this study is a pathogenic field strain 
(CP/DB/92/3) isolated from skin scabs collected from camels in 
Butana area of Eastern Sudan by (Khalafalla et al., 1998). 
2.1.2 African Green Monkey Kidney cell culture (Vero cell 
culture):- 
A flask containing confluent monolayer culture of Vero cells 
(75cm2) was obtained from VacSera center in Egypt. 
          2.1.3 Rabbits:- 
          Two healthy local breed rabbits were purchased from Khartoum  
North  market. The animals were kept under close observation from any  
signs for one month. 
        2.1.4 Immunoperoxidase stain:- 
        2.1.4.1 Hyperimmune serum:- 
        The rabbit anticamel (HIS) was prepared by inoculating rabbits 
with CPV. 
2.1.4.2 Secondary antibody:-        
             The goat antirabbit (secondary antibody) which was 
conjugated with horse radish peroxidase enzyme was obtained from 
Vector laboratories, USA.   
       2.1.4.3 Horse radish peroxidase substrate:- 
       The substrate kit which contains all the reagents necessary to 
prepare working solution was obtained from the Vector laboratories, 
USA. 
 2.1.5 Hematoxylin-Eosin stain:- 
The set of the stain which include hematoxylin, eosin and acid 
alcohol was obtained from University of Khartoum, Faculty of 
Veterinary Medicine. 
  2.2 Methods:- 
2.2.1 Preparation of stock virus:- 
A freeze–dried ampoule of the camelpox virus was 
reconstituted with one ml sterile double distilled water (DDW). A 
volume of 0.2 ml of the virus was inoculated onto a confluent Vero 
cells culture in 25 ml cell culture flask. The flask was incubated at 
37ºC and observed daily for cytopathic effect (CPE). When 80% or 
more CPE was observed, the flask was harvested and subjected to 3 
cycles of freezing and thawing. 
Cell lysate was then centrifugated at 1000 rpm for 10 minutes 
and the supernate fluid collected then aliquoted in 1ml eppendorf 
tubes and stored at -20ºC. 
2.2.2 Preparation of cell culture: -  
2.2.2.1 African Green Monkey Kidney cell culture (Vero cell 
culture):-  
In the laboratory the growth medium was removed from the 
confluent flask of Vero cells (75cm2) and the cells were briefly 
washed with sterile PD (Appendix 3iii). Two ml of warm trypsin– 
versin solution (Appendix 4ii) was added and the flask incubated at 
37°C until cells flew freely when the flask was tilted. Few drops of 
fetal bovine serum were added to stop the action of trypsin and versen 
and the suspension was centrifuged at 600 rpm for 5minutes. The 
supernatant fluid was then discarded and the pelleted cells were 
resuspended in 10 ml of PD and thoroughly mixed with a pipette. The 
 cells in suspension were then diluted in 60 ml Dulbecco Modified 
Essential Medium (DMEM) growth medium (Appendix 1i) and 
subcultured in appropriate culture flasks of 25cm2 and 75cm2 then 
flasks were incubated at 37ºC. 
2.2.3 Virus propagation technique:- 
Each of five culture flasks containing confluent monolayers was 
inoculated with 0.1 ml volumes of inocula (CP/DB/92/3).The 
inoculated flasks were kept in the CO2 incubator at 37°C for 60 
minutes adsorption time. After that the inocula were removed and the 
monolayers were washed twice with PD and refed with maintenance 
medium. The flasks were then kept at 37°C. They were examined 
daily with an inverted microscope and when cytopathic effect (CPE) 
involved 70% or more of the sheet cover (48 hrs-72hrs) the whole 
cultures were harvested by 3 repeated cycles of freezing and thawing. 
All these steps were repeated at 35°C and 39°C, at pH 5.5, 6.5 
and 8 after 1, 3 and 5 mins from exposing the cells to these acidic and 
alkaline medium. 
2.2.4 Titration of virus infectivity:- 
The quantitative estimation of the virus infectivity was carried 
out in microtitre plates using six wells (2 samples were done in each 
plate) for each tenfold virus dilution. Ten–fold dilution series of the 
virus to be titrated were made in sterile PBS. Each six wells of semi 
confluent cells were inoculated with 0.1 volumes of the respective 
virus dilution covering the range (10-3 to 10-8) the plates were sealed 
and incubated at 37ºC for 1 hour adsorption time. After that time 
inocula were removed and the monolayers refed with maintenance 
medium and incubated at 37ºC. The cellular monolayers formed in all 
microtitre wells were microscopically examined for the evidence of 
 CPE, first at 48 hours post inoculation (PI) and then every day until 
the 5th day PI. Titers were expressed as Tissue culture infectious dose 
50% end point (TCID50/ml) calculated according to the method of 
Reed and Muench (1938) as described by Villegas and Purchase 
(1983).                                                                   
          2.2.5 Production of Hyperimmune sera (HIS):- 
Production of HIS against CPV was done following the 
procedure described by Davies et al (1975). Two Rabbits of 2 months 
age were used. They were left for one month for observation to ensure 
that they are free from any signs of microbial disease. Pre-inoculation 
blood samples (5ml) were collected to obtain serum for detection of 
antibodies against orthopoxviruses by using virus neutralization test. 
One ml of infected cell culture fluid was mixed with an equal volume 
of Freund complete adjuvant and the mixture used to inoculate one 
rabbit through subcutaneous injection. Two further doses were given 
14 and 21 days after the first dose. The rabbits were bled 14 days after 
the last dose for serum collection and then serum was obtained and 
stored in the refrigerator for further serological tests 
(Immunoperoxidase test and Virus Neutralization test). 
2.2.6 Virus neutralization test:- 
The alpha neutralization procedure (constant-serum, diluted 
virus) as described by Beard (1983) was followed. The CPV was 
simultaneously tested against negative and hyperimmune positive 
serum (HIS). In this method, micro plate containing 96-wells were 
used, 10 fold serial dilutions (10-1-10-8) of virus under test were 
prepared in DMEM. Each virus dilution was mixed with an equal 
volume of 1/10 dilution of hyperimmune serum (HIS) against CPV. 
Another set of virus dilutions were mixed with normal rabbit serum. 
 The mixtures were shaken vigorously and incubated at 37ºC for 
1hour. After that 100µl of Vero cells suspension were added to each 
well and incubated at 37ºC. The end point titer of each serum-virus 
mixture was calculated. Determination of the neutralization index (NI) 
was made by calculating the difference between the log titer of the 
virus control (incubated with normal rabbit serum) and the log of HIS-
virus mixture. 
2.2.7 Immunoperoxidase test:-  
Procedure used was as described by Hsu et al (1981) with some 
modifications. 
Two flasks (25cm2) containing infected Vero cells, the 7th flask 
from pH 7.2, 5th flask from 37ºC experiments were used in this 
experiment. 
Media were discarded, and then the infected Vero cells were 
fixed with a fixative (Appendix 6v) for 15 min at 4ºC, after that the 
fixative was dropped. Then the fixed cells were rinsed with PBS-
Tween 3 times, and incubated after that with 3%H2O2 in methanol 
(Appendix 2v) for 20 min, then washed the H2O2 thoroughly by PBS-
Tween (4 times each for 10 min) to remove any residues of H2O2. The 
HIS prepared against CPV was diluted 10-1 in PBS-Tween then 1 ml of 
it was added to each flask (Temperature, pH) after that it was 
incubated for 1 hrs at 37ºC in a humidity chamber, then it was washed 
3 times with PBS-Tween (each for 5 min) on an orbital shaker. The 
antibodies conjugated with HRP were diluted and I ml added to each 
flask, then flasks were incubated for 1 hrs at 37ºC in a humidity 
chamber, washed 3 times with PBS- Tween (each for 5 min) on an 
orbital shaker. Finally 1ml of the diluted substrate (3-amino.4.ethyl 
carbazole) (Appendix 5v) was added to eack flask and incubated at 
 37ºC for 30mins. Then, they were seen under microscope after the 
substrate was dropped from the flasks. 
          2.2.8 Hematoxylin-Eosin (H & E) stain for CPV inclusion 
bodies:- 
Flask (25cm2) containing infected Vero cells was used in this 
experiment. 
Media were discarded from the flask and the infected Vero cells 
were fixed for 15 min at -20ºC, then washed in running tap water for a 
few minutes and flooded with 5 ml hematoxylin (Appendix 1vi) for 10 
mins. The stain was washed off in running tap water and the cells 
were differentiated with acid alcohol (Appendix 2vi) for 10 seconds, 
then washed with water. 
After that 5ml of pink counterstain Eosin (Appendix 3vi) was 
added to the cells for 3mins. The Eosin stain was washed off in 
running tap water. After being dried, the cells were examined under 
inverted microscope (×200) to see the viral inclusion bodies.  
2.2.9 Experimental Design:- 
2.2.9.1 Effect of Vero cells stayed for different hours after 
being subcultured on the type of viral CPE at different 
incubation temperatures:- 
 This experiment was performed according to the method of 
Hafez et al (1992). 
 Two flasks (25cm2) of confluent Vero cells were used in this 
experiment, one of them aged less than 24 hours, and the other flask 
aged 5 days. Media were discarded then flasks were inoculated with 
0.2 ml virus containing 107.4TCID50/ml, then the flasks were incubated 
at 37ºC for 1 hour for virus adsorption. The inocula were removed and 
 the flasks were refed with 10 ml maintenance medium (DMEM) then 
returned to the incubator. 
Flasks were microscopically examined daily for the type of 
CPE.  
The above procedure was repeated for the other incubation 
temperatures 35ºC and 39ºC. 
2.2.9.2 Effect of temperature on the growth of CPV in Vero 
cells:  
This experiment was perfomed according to the method of 
Ogura et al (1987). 
  For propagation of CPV at different temperatures, 5 flasks 
(25cm2) of confluent Vero cells were prepared for each incubation 
temperature at 35ºC, 37ºC and 39ºC. 
Media were discarded and the flasks were inoculated with 0.1 
ml virus containing 107.4 TCID50/ml, and then incubated for 1 hour at 
37ºC for virus adsorption. 
Then inocula were removed and the flasks were refed with 10 
ml maintenance medium of Dulbecco Modified Essential Medium 
(DMEM) and returned to the incubator. 
Each two flasks were microscopically examined at 48 and 72hrs 
post inoculation (PI) for the presence of CPE. One flask from each 
incubation time (48hrs and 72hrs) was harvested by 3 times freezing 
and thawing and the other 2 flasks were stained by H & E to observe 
the presence of inclusion bodies. 
The 5th flask was examined for CPE and then subjected to 
enzyme immuno assay. 
The above procedure was repeated for the other temperature 
variables 35º and 39ºC. 
 2.2.9.3 Effect of pH on the growth of CPV in Vero cells:-  
This experiment was performed according to the method of 
Zimmerberg et al (1987) with some modifications. 
Four sterile tubes (15ml) were filled with 10 ml of Dulbecco 
Modified Essential Medium (DMEM) and adjusted to 5.5, 6.5, 7.2 and 
8 pH respectively by adding solutions of HCl (20%) and NaOH 
(1Normality). 
For virus propagation at different pH, 7flasks (25cm2) of 
confluent Vero cells were prepared for each pH. Media were 
discarded and flasks were inoculated with 0.1 ml virus. The flasks 
were incubated at 37ºC for 1 hour for virus adsorption. 
Then inocula were removed and the flasks were refed by one ml 
of DMEM medium of the different pH values and returned to the 
incubator. 
After 1, 3 and 5 minutes, two flasks were removed from the 
incubator and the acidic media discarded. The flasks were then refed 
with monolayer media and returned to the incubator. Flasks were 
microscopically examined at 48 hrs post inoculation for the presence 
of CPE. One flask used for particular incubation time at pH 5.5 was 
harvested by 3 times freezing and thawing and the other flask was 
stained by Hemotoxylin & Eosin (H & E) to observe the presence of 
inclusion bodies. 
The 7th flask was examined for CPE and then subjected to 
enzyme immuno assay.  
The above procedure was repeated for the other pH variables 
(6.5, 7.2 and 8). 
 
 
 Chapter III 
Results 
 
3.1 Growth of camelpox virus (CPV) in Vero cells culture:- 
The passage 13 of camel pox virus strain CP/DB/92/3 which 
was inoculated onto Vero cells produced CPE after 3 days post 
inoculation. The CPE was characterized mostly by cell rounding and 
plaque formation (Fig 2) in comparison to non-inoculated Vero cells 
(Fig 1). 
3.2 Titration of camelpox virus (CPV):- 
 The tissue culture infective dose 50 % of passage 13 of CPV 
strain CP/DB/92/3 was 107.4TCID5o /ml (Table 1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Table1:- Calculation of the TCID50% of CPV according to 
Reed-Muench (1938):- 
Percentage Rate Negative 
accumulation 
Positive 
accumulation 
NegativePositive Dilution  
100% 8/8 0 8 0 4 10-5 
66% 4/6 2 4 2 2 10-6 
29% 2/7 5 2 3 1 10-7 
11% 1/9 8 1 3 1 10-8 
 
Proportional distance (P.D) = 
( Infectivity above 50%) - 50% 
( Infectivity above 50%) - Infectivity below 50% 
 
P.D =   66-50   = 16/37=0.43 
            66-29 
TCID50= (log dilution above 50%) + (proportional distance 
×log dilution factor) = 
              = -6+ (0.43 ×-1) = -6.43   
Infective Dose50 (ID50)  = 10-6.43 
                                   =106.43  TCID50 0.1 ml-1 
                                    =10×106.43TCID ml-1 
=107.43TCID50 ml-1 
    
 3. 3 Virus identification using neutralization test:- 
The result of virus neutralization test showed that the CPV was 
completely neutralized by the HIS at a dilution of 10-4. This gave a 
neutralization index of 2.4 (Table 2). 
 
Table 2: Identification of camelpox virus isolate by virus 
neutralization test:- 
Virus Isolate Titre of Virus + 
Normal Serum 
(TCID50/ml)* 
Titre of Virus+ 
HIS mixture 
(TCID50/ml) 
Neutralization 
Index 
CPV 
CP/DB/92/3 
107.4 105 2.4 
 
*TCID50/ml: Tissue culture infective dose 50 % end point. 
 
3.4 Enzyme Immune Assay (EIA) to identify CPV in cell 
culture:- 
All the examined cell culture plates tested positive while the 
uninfected control cells gave negative result (Fig 3). The positive 
result (brown colour) was detected on cells showing cytopathic effects 
and it is intensive in the cytoplasm (Fig 4). 
 
3.5 Hematoxylin & Eosin stain for CPV inclusion bodies:- 
 In H & E stained Vero cells which were infected with 
camelpox virus, cytoplasmic inclusions bodies were found (Fig 5).  
 
  3.6 Effect of Vero cells stayed for different hours after being 
subcultured on the type of viral CPE at different incubation 
temperatures:- 
The type of CPE that produced by CPV in Vero cells was 
influenced by the staying period used after the cells being subcultured 
and also by the incubation temperature used (Table 3).  
Results showed that Vero cells stayed for 18hrs after subculturing 
induced the  syncytial formation under 35ºC and 37ºC incubation but 
not at 39ºC temperatures used (Table 3), (Fig 6) whereas Vero cells 
stayed for 96hrs after subculturing incubated at 39ºC induced 
formation of rounded cells without suncytial formation (Table 3),  
(Fig 7). 
Table 3: Types of CPE formed under different hours of 
virus inoculation after Vero cells being subcultured.  
Temperature of  
 Incubation 
Viral CPE  in Vero 
cells stayed for 18hrs 
after subculturing  
Viral  CPE in Vero 
cells stayed for 96hrs 
after subculturing  
35ºC Syncytial formation  
appeared more than 
 rounded cells 
Syncytia appeared 
 more than rounded 
 cells 
37ºC Syncytia most 
common than 
 rounded cells 
 Rounded cells most 
common, little  
syncytia found 
39ºC Cell rounding was the 
most common 
Cell rounding was the 
most common 
 
 
 
 3.7 Titration of CPV infectivity under different conditions of 
Temperature:- 
All harvests of CPV which propagated under different 
temperature ranges were titrated in Vero cells to determine the 
TCID50/ml according to Reed & Muench method (Table 4), the 
highest viral titer was at 37°C (Fig 8). 
 
Table 4: Titers in TCID50 end point of CPV (CP/DB/92/3)   
subjected to various temperatures:- 
Temperature Titer at 48hrs        
 (TCID50/ml) 
Titer at 72 hrs 
(TCID50/ml) 
35°C 108.3  109
37°C 109 109
39°C 108 109
 
3.8 Titration of CPV infectivity under different ranges 
 of pH :- 
All harvests of CPV which propagated under different ranges of  
pH were titrated in Vero cells  to determine the TCID50/ml according 
to Reed  &  Muench method (Table 5) which showed that the highest 
titer of the virus  was at pH 7.2 (Fig 9). 
 
 
 
 
 
 
 Table 5: Titers in TCID50% of CPV strain CP/DB/92/3    
subjected to different ranges of pH.  
Titer after 5 mins 
(TCID50/ml) 
 
Titer after 3 mins  
(TCID50/ml) 
Titer after 1 min 
(TCID50/ml) 
pH 
108  107.7   107.72  5.5 
108  108.5 109  6.5 
›109  ›109    ›109  7.2 
107.5   107.4    108.7  8 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Fig 1: Monolayer of Vero cells, as a control (×100). 
 
 
Fig 2: Cytopathic effect produced by camelpox virus. Note, 
the syncytial formation, rounded cells and plaque formation 
(×100). 
  
 
Fig 3: Negative result of immunoperoxiodase test in Vero         
cell line, as a control (×100). 
 
 
 
 
 
 
           
 
 
 
 
 
Fig 4: Vero cells infected with CPV, note positive result of 
enzyme immunoperoxidase test appeared as brown color (×100). 
  
 
 
 
 
Fig 5: Pink cytoplasmic inclusions characteristic (arrows) of 
camelpox virus infection, H & E stain (×200). 
  
 
 
 
 
Fig 6: Cytopathic effect produced by CPV at 35°C in Vero 
cells stayed for 18hrs after subculturing, note cytoplasmic 
elongation or strand of multinucleated gaint cells formation H & 
E stain (×100). 
  
 
 
 
 
Fig 7: Cytopathic effect produced by CPV at 37°C in Vero 
cells stayed for 96hrs after subculturing, note round and swollen 
cells formation (×100). 
  
 
 
 
 
Fig 8: Effect of different averages of temperature after 48 
and 72hrs incubation time on the viral infectivity of camelpox 
virus in Vero cells. 
  
 
 
 
 
Fig 9: Effect of different averages of pH after 1, 3 and 5 
minutes incubation on the viral infectivity of camelpox virus in 
Vero cells. 
 
 
 
 
 
 Chapter IV 
Discussion 
 
The growth of camelpox virus in Vero cells can be detected by 
their cytopathic effect and the time taken for the CPE to appear. 
In this study, the effect of temperature and pH on the growth of 
camelpox virus in Vero cells was determined by using titer values 
(TCID50%) as indicator.  
The strain of camelpox virus used in this study readily grew in 
Vero cells producing CPE which was characterized by cell rounding, 
plaque and syncytial formation which is similar to that described by 
Ramyer and Hessami (1974), Nguyen et al (1989), Munz et al (1997), 
Khalafalla and Mohamed (1998) and Khalafalla and El-Dirdiri (2003). 
Concerning the strain of the adapted CPV used in this study, the 
virus developed syncytia after 3 days post inoculation, this findings 
disagrees with Wernery et al (1997) who reported that the CPV from 
scab samples collected from camels grew well in Vero cells and 
developed syncytia within 7 days post inoculation, this difference may 
be due to using an adapted laboratory virus in this study while the 
mentioned workers have used field virus. 
The titration of the virus which was performed in Vero cells 
resulted in a titer of 107.4 TCID50/ ml. 
The neutralization test used for identification of camelpox virus 
showed that specific HIS reduced the infectivity of CPV 
(neutralization index 2.4). 
The CPV was identified in the present study by using 
immunoperoxidase test. This is the first time to use this technique for 
CPV in the Sudan. The growth of the virus in Cell Culture for 
 diagnosis and vaccine production in the Sudan was achieved by virus 
neutralization test which is a lengthy procedure (Khalafalla et al, 
1998; Khalafalla and El-Dirdiri, 2003). Therefore the 
immunoperoxidase could be a reasonable alternative virus 
neutralization test. Johan and Czerny (1993) found that this method of 
immunoassay is reliable and quick as a confirmatory. 
The rapidity of enzyme immunoperoxidase assay compared 
with neutralization test is based on the ability of EIA to detect 
amplified virus before a sufficiently large number of cells have 
become infected to produce CPE which may take many days and for 
this results, the EIA is more applicable. So this quick method is very 
important especially in the Sudan because exportation of camels plays 
an important role in the economic country. 
Infected Vero cells stained with Hematoxylin and Eosin (H & E) 
stain showed intracytoplasmic inclusion bodies, this result is in 
harmony with Khalafalla et al (1998). 
At 35°C incubation temperature, the inoculation of the virus in Vero 
cells stayed for 18hrs after subculturing produced syncytia than the 
rounded cells and this may be due to the viruses replicate using host 
cell systems which could be in the log phase whereas at Vero cells 
stayed for 96hrs after subculturing, its activity will be less so the 
rounding CPE become dominant. This result is in harmony with Hafez 
et al (1992), such similarities may be due to usage of same materials 
in cell culture. 
The viral titer values obtained at 35°C and 39°C (108 TCID50/ 
ml) indicate ability of the virus to grow in Vero cells incubated at low 
or high temperatures. Contrary to this, the same virus loss its 
infectivity to embryonated eggs at 39°C and produce small sized 
 pocks on the CAM at 35°C (Khalafalla and Mohamed, 1998). Growth 
of CPV in low and high incubation temperatures may be due to an 
adaptation of the virus after 13 cell culture passages. 
In general there were small differences in the viral titer values 
between the incubation temperatures used (35°C, 37°C and 39°C) and 
this may be due to usage of temperature range values near to each 
other. 
The optimum pH for growth of camelpox virus in Vero cells 
was found to be at 7.2,s because a pH range of 7.1-7.5 is usually 
required for the growth of euharyotic cells.  
There were small differences in the viral titer values between 
the pH ranges used (5.5,6.5.7.2 and 8) and this may be due to the 
sensitivity of the virus to pH 3-5 and 8.5-10.  
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Conclusions:- 
It is concluded that 
1. Vero cells which inoculated with a virus after 18hrs from 
subculturing induced the syncytial formation under 35ºC and 37ºC 
incubation but not at 39ºC temperatures used. 
2. Enzyme immuno assay gave good results for confirming 
growth of camelpox in cell culture.  
3. The temperatures of 35°C and 39°C has a marked effect to 
the viral growth on Vero cells. 
4. pH of the medium has little effect on CPV infectivity titer. 
 
Recommendations:- 
1. To isolate or propagate CPV in cell culture a pH 7.2 and an 
incubation at 37ºC should be used. 
1. Further studies should be done using wide variable ranges 
of temperature and pH to reveal their effects on the virus growth. 
2. Immunoperoxidase should be used as confirmatory test 
for growth of CPV on cell culture. 
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 Appendices 
                                    Appendix (i) 
Preparation of solutions and cell culture media 
 
1. Cell culture medium:- 
Eagle’s minimum essential medium in either Earle’s or Hanks’ 
(HBSS) balanced salt solution and containing heat-inactivated (56°C 
for 30 mins) fetal bovine serum (FBS). 
Growth medium is used for the rapid proliferation of cells and 
usually contains FBS at a final concentration of 7.5 to 10.0%. 
Maintenance medium contains only 2% FBS and is used to maintain 
the cells in a steady state of slow metabolic activity. 
Outgrowth and maintenance media were prepared according to 
Ali (1971) as is shown below:-                       
Medium/ liter  
Stock solutions Outgrowth Maintenance 
DMEM 200ml  200 ml 
Lactalbumin hydroysate 25 ml  25 ml 
Yeast extracts (1%) 25 ml 25 ml 
Sodium bicarbonate (7.5%) 7.5 ml 10 ml 
Penicillin –streptomycin solution 1 ml 1 ml 
Fungizon (5000ug/ml)  1 ml - 
DDW to 1L to 1L 
Tryptose phosphate broth (TPB) 50 ml 50 ml 
Bovine serum 100 ml 20 ml 
 
2. Media additives:- 
2.1  Tryptose Phosphate Broth (TPB):- 
Three grams of TPB powder were dissolved in 100 ml DDW, 
sterilized by autoclaving at 121ºC for 10 min and stored at 4ºC. 
 2. 2   Lactalbumin hydrolysate:- 
Five grams of Lactalbumin powder were dissolved in 100 ml of 
DDW, sterilized by autoclaving at 121ºC for 10 min and stored at 4ºC. 
2. 3  1% Yeast extract solution:-  
One gram of yeast extract powder was dissolved in 100 ml of 
DDW, autoclaved at 121ºC for 10 min and stored at 4ºC. 
2. 4  7.5% Sodium bicarbonate solution (Na HCO3):-  
Seven and half grams of NaHCO3 were dissolved in 100 ml 
DDW and autoclaved at 121ºC for 10 min and stored at 4ºC.  
 
Appendix (ii) 
Medium & Solutions required in cell culture 
 
1.  Thioglycolate medium:- 
Twenty-nine and half grams of thioglycolate medium were 
dissolved in 100 ml of DDW, dispensed in bijou bottles and 
autoclaved at 121ºC for 10 min and stored at 4ºC. 
 2. Preparation of stock trypsin (2.5%):-  
2.5 grams of trypsin (Gibcol td UK1: 250 Usp Grade) were 
dissolved in 100 ml of PD, filtered through What Mann filter and 
stored at -20°C. 
 3.  Preparation of stock versin (5%):- 
Five grams of versin powder were dissolved in 100 ml PD, 
autoclaved at 121°C for 15 minutes.                                                             
4.  Trypsin Versin solution (T.V):- 
To prepare 100 
Trypsin (2.5%)                                                          6.0 ml   
Versin (5%)                                                              4.0 ml 
 Phosphate                                                                  90 ml 
Several drops of phenol red (0.2%) were added and the pH 
adjusted by IM NaOH until the colour is faint pink (slightly alkaline). 
5. Bovine serum:- 
Calves were bled from the jugular vein. The whole blood was 
left overnight at room temperature. The separated serum was 
centrifuged at 2000 rpm for 10 minutes, and then filtered through a 
Seitz filter under negative pressure. The filtrate was passed through a 
Millipore filter (0.22 µ) under positive pressure and then tested for 
sterility by culturing on Thioglycolate medium in two vials, one of 
them was incubated at 37ºC and another one at room temperature for 
two days. Then the sterile serum was kept at -20ºC. 
 
Appendix (iii) 
Preparation and sterilization of glasswares and plastic wares 
 
         1. Methods of sterilization:- 
Glassware like flasks, beakers and measuring cylinders were 
rinsed in running tap water, brushed with special tissue culture flasks 
soap and left overnight in 1% HCl. They were then washed thoroughly 
by rinsing several times in tap and distilled water. After that, they 
were wrapped with aluminum foil and sterilized in hot air oven at 
160ºC for 2 hours. The volumetric pipettes were left overnight in 3% 
HCl. Then they were washed thoroughly by rinsing several times in 
tap and distilled water. The clean dry pipettes were cotton plugged, 
placed in canisters and sterilized in hot air oven at 160º C for 1 hour. 
  Rubber liners for bottles and plastic cylinders were cleaned 
with detergent, washed with tap water followed by distilled water, left 
to dry and sterilized by autoclaving at 121ºC for 15 minutes. 
 
Appendix (iv) 
Buffers 
 
 1.  Phosphate Buffer Saline (PBS): 
To prepare 2 litres 
 -  Solution A 
KCl                                                                           0.4 gm       
NaCl                                                                         16.0 gm 
Na2 HPO4                                                                 2.0 gm  
KH2 PO4                                                                     0.4 g             
DDW                                                                        1000 ml 
-  Solution B 
MgCl2                                                                        0.2 gm 
DDW                                                                        200 ml 
-Solution C 
CaCl2                                                                         0.26g 
DDW                                                                        200 ml  
Autoclave cool and add A to B then C. Complete to 2000 ml 
with DDW. 
2.  Normal Saline (NS):- 
 Stock solution of 0.85% (W/V) NaCl was prepared in 
DDW and autoclaved at 121°C for 20 minutes. 
 
 
 3.  Phosphate Diluent (PD):- 
 Solution A of PBS was completed to 2 litres with DDW, 
then autoclaved and cooled before antibiotics were added. 
 4.  Sodium hydroxide solution:- 
NaOH                                                                         45 gm 
DW                                                                             300              
 
Appendix (v) 
Antibiotics 
 
 1.  Penicillin-Streptomycin solution:- 
 One gram of streptomycin powder and the contents of 2 
vials of penicillin (1000000 IU/vial) were dissolved in 10 ml of sterile 
deionized distilled water (DDW) to give solution contained 100 mg 
streptomycin and 200000 IU penicillin per ml. The solution was kept 
at -20ºC. 
          2.  Kanamycin solution:- 
One gram of kanamycin powder (equivalent to 700000 IU) was 
dissolved in 13.3 ml of sterile DDW to give a concentration of 52500 
U/ml and kept at -20ºC. 
3.  Fungizon solution:- 
The content of one vial of fungizon (50000 µg) was dissolved in 
10 ml of sterile DDW and kept at 4ºC. 
 4.  Mycostatin solution:- 
The content of one vial of mycostatin (50000 µg) was dissolved 
in 10 ml of sterile DDW and kept at 4ºC. 
 
 
 Appendix (vi) 
Enzyme Immunoperoxidase Test 
1. PBS.Tween:- 
50 µl Tween 20 was added to100 ml PBS. 
2.  3% H2O2 in methanol:- 
H2O2 (30 Volume) is diluted 10 times in methanol. 
3.  Hyperimmune serum (HIS):- 
HIS was diluted 10 times in PBS –Tween. 
4.  Conjugate:- 
It was diluted by adding 4 µl of conjugate to 4 ml PBS-Tween. 
5.  Substrate:- 
It was diluted by adding 0.5 ml from substrate to 9.5 acetate 
buffer (50mm/pH =5) and adding to them 20µl H2O2. 
6.  Fixative:- 
It was prepared by adding 60% acetone to 25% ethanol and to 
10% methanol. 
 
Appendix (vii) 
Hematoxylin-Eosin Stain 
 
1. Hematoxylin:- 
Hematoxylin                                               2g 
Absolute Alcohol                                        100cm3 
Glecerol                                                      100 cm3 
D.W                                                            100cm3 
Glacial acetic acid                                       10cm3 
Potassium alum                                           10-14 g 
  Hematoxylin was dissolved in absolute alcohol solution, after 
that glecerol and distilled water were added to them, then the glacial 
acetic acid and potassium alum were added to all of the contents and 
shaking them till dissolved.  
1. Acid alcohol 1%:- 
1% hydrochloric acid was added to 70% alcohol. 
3. Eosin 1%:- 
1 gram of eosin stain was added to 100 ml distilled water. 
  
 
 
 
 
 
 
 
 
 
